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store and load MHC class II 
proteins in the MVB-like MHC class 
II compartment (MIICs) and many 
haematopoietic cells create an MVB-
like compartment, the exosome, 
which releases internal vesicles that 
can regulate immune responses by 
fusion with the plasma membrane. 
In neurons, signalling information is 
carried from the nerve terminal to 
the cell body in non-acidic MVB-like 
structures, within which tetanus toxin 
can hitch a ride. In melanocytes, 
MVBs represent a critical stage in the 
biogenesis of melanosomes.
Any medical implications? Loads. 
One could think of the MVB pathway 
as a tumour suppressor pathway. 
Sequestration of receptor tyrosine 
kinases away from the cytosol 
immediately terminates signalling and 
lysosomal degradation modulates 
receptor levels. The ubiquitin E3 ligase 
c-Cbl, which tags receptor tyrosine 
kinases for sorting to the MVB, is 
an established proto-oncogene. 
Functional MVBs are required for 
fusion of the endo-lysosomal system 
with pre-autophagosomal structures, 
a process important for the clearance 
of protein aggregates and suppression 
of neurodegenerative conditions. 
Also, HIV and other enveloped viruses 
hijack the MVB machinery to elicit viral 
budding at the plasma membrane. In 
macrophages, infectious HIV particles 
acquire late endosomal marker 
proteins and bud into a compartment 
that morphologically resembles MVBs. 
Recent studies suggest, however, that 
the limiting membrane of this structure 
is in fact contiguous with the plasma 
membrane.
Where can I find out more?
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What are baboons? Baboons of the 
genus Papio are the largest and most 
successful of the African monkeys, 
and the most intensively studied. They 
were first studied around 100 years 
ago by Eugene Marais, author of ‘The 
Soul of the Ape’ and ‘My Friends 
the Baboons’. Baboons are found in 
habitats as diverse as the deserts of 
Namibia and the tropical forests of 
western Uganda, from the highlands 
of Ethiopia in the north to the Cape 
of Good Hope in South Africa. As this 
wide ecological distribution suggests, 
baboons are highly opportunistic, 
omnivorous primates. Their diet is 
both catholic and eclectic: they eat a 
very wide variety of plant species and 
parts, occasionally feeding on small 
mammals and birds, but are also very 
selective feeders, often eating only 
one small part of a particular species 
and ignoring the rest (Figure 1). One 
key feature of the baboon diet is their 
ability to dig for food and make use 
of a variety of subterranean items, 
such as corms, tubers, bulbs and 
rhizomes. This means they can obtain 
food in areas, and at times, when 
above-ground resources are otherwise 
scarce, and can therefore occupy 
habitats from which other primates 
may be excluded. 
Group size among baboons is 
highly variable, ranging between 22 
and 80 animals on average, and is 
responsive to habitat quality and 
seasonality, and the level of predation 
risk. Body weights of baboons across 
Africa are also highly responsive to 
environmental variations: baboons in 
very dry or very wet habitats are larger 
than those living in more moderate 
climates. They are also highly sexually 
dimorphic: average male body size 
ranges from 17–30 kg, twice the size 
of females, which range from 10–15 
kg. Males also have much larger 
canine teeth than females. These 
differences relate to the high level of 
male–male competition for mates. 
How many species of baboon are 
there? The Papio baboons emerged 
as a genus approximately 2.5 
million years ago and subsequently 
differentiated into a number of 
sub-species which, today, cover the whole of sub-saharan Africa: 
chacma baboons (Papio h. ursinus) 
are found in Southern African; yellow 
(P.h.cynocephalus) and olive (P.h. 
anubis) baboons are found in East 
Africa; Guinea baboons (P.h.guinea) 
have a very restricted range in west 
Africa; and the hamadryas baboon 
(P.h.hamadryas) is found in Ethiopia, 
Eritrea and the Arabian peninsula. 
Genetic data suggest a southern 
African origin for the genus, which 
then dispersed up and across the 
rest of Africa. This pattern places 
the ancestors of the modern chacma 
baboons at the stem of the baboon 
family tree, and suggests that many 
of the ecological and behavioural 
traits displayed by modern-day 
baboons reflect their origins in 
the highly seasonal, quite harsh 
conditions of the southern African 
Pleistocene.
The Papio baboons are sometimes 
placed into five separate species, but 
as they interbreed where their ranges 
overlap, they are more commonly 
considered to be a single species 
divided into a number of sub-species. 
The ‘savannah’ baboons (the yellow, 
anubis, guinea and chacma baboon) 
have similar social structures, but 
they show behavioural differences 
that presumably reflect local selection 
pressures on isolated populations as 
the species dispersed northwards. 
These behavioural differences mirror 
the morphological differences among 
the different allotaxa, such as the 
Figure 1. A juvenile baboon tucks into a pro-
tea flower.
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facial skin colour. The remaining Papio 
species, the hamadryas baboon, is 
found in desert habitats and is very 
different from the others: as well as 
differences in its social system, it is 
smaller, with a grey coat and pink 
facial skin, in contrast to the brown 
pelage of the savannah baboons. 
What are the key features of 
baboon social organisation? Except 
for the hamadryas baboon, which lives 
in one-male groups that join together 
to form a multi-level society, all Papio 
baboons live in multi-male, multi-
female troops. Female baboons spend 
their entire lives in the troops into 
which they are born. Baboon troops 
therefore consist of a varying number 
of families each related through the 
maternal line (‘matrilines’). Baboon 
females also display strong dominance 
hierarchies, organised both within and 
between matrilines: females that are 
closely related to each other tend to 
have similar dominance ranks. This 
is due to the ‘inheritance’ of rank by 
daughters from their mothers: adult 
female baboons support their juvenile 
daughters against aggression by 
other adult troop members, so that 
the daughter comes to dominate all 
the females that her mother is able 
to dominate. As a result, a daughter 
will slot in neatly below her mother in 
the dominance hierarchy of the troop. 
Female baboons can also be related 
through their fathers, especially in the 
southern Africa chacma baboons, 
where the alpha-male can monopolise 
the majority of matings while he is in 
residence. As a result, many infants 
born during a given alpha male’s 
tenure will share the same father. 
All female baboons in a troop are 
therefore related to each other by their 
mother, or their father, or both. 
Male baboons leave their natal 
troops on reaching sexual maturity and 
move into new troops, presumably to 
avoid inbreeding, with choice of troop 
depending on the number of fertile 
females available at the time. Young 
males entering a new troop for the 
first time tend to do so aggressively, 
challenging and fighting for alpha-
rank. If alpha-status is achieved, their 
tenure as top-ranking male is variable 
and can last as little as a few months 
or as long as two years. Older males 
who enter new troops tend to do so 
without aggression, and integrate 
themselves slowly. Infanticide by newly arrived 
immigrants has been seen in all 
baboon populations, but occurs at 
particularly high frequencies among 
the southern chacma baboons. This 
may explain the formation of special 
relationships, known as ‘friendships’, 
between males and females. These 
are usually formed when the female 
has a young infant and the male 
adopts a protective role for both the 
female and her offspring (Figure 2). In 
east African olive or anubis baboons, 
however, such friendships tend to 
be formed between non-lactating 
females and males, and appear to 
be more strongly related to mating 
opportunities than to infant protection, 
which probably reflects the lower 
rates of infanticide among east African 
baboons.
Why have baboons been studied 
so intensively? Initially, because it 
was thought baboons could tell us 
something interesting about our own 
evolution. Alongside humans, baboons 
are the only extant primates whose 
arrival on the evolutionary scene is 
linked to the emergence of the African 
savanna biome. Their adaptations 
were therefore assumed to reflect 
the selection pressures imposed by 
savanna conditions. These pressures 
include those resulting from a more 
Figure 2. Adult males show protective be-
haviour towards young infants, particularly 
among the southern chacma baboons where 
infanticide is a frequent occurence.terrestrial lifestyle, the need to cope 
with food sources that are both 
more thinly distributed and widely 
fluctuating than forest fruits, and 
greater predation risk because of the 
larger number of potential predators 
and reduced tree cover.
Like early hominins, baboons seem 
to have met these challenges using 
both ecological tactics (their ability 
to exploit selectively a wide range 
of food types), and social tactics 
(the formation of large, complex 
groups). The superficial similarity 
between baboons and our hominin 
ancestors stimulated a neat, linear 
view of human evolution, in which 
baboons served as a handy analogue 
for early behavioural and ecological 
adaptations to savanna life. This 
simplistic view has been rejected 
(although subsequently rejuvenated 
in more nuanced form, see below), 
but its appeal has driven a good 
deal of research on baboons. Irven 
DeVore, an early pioneer of baboon 
research, once calculated that, in 
the first 30 years following his own 
data collection, well over 300 people 
spent a year or more working on wild 
baboons at various research sites. 
This level of engagement has shown 
little sign of slacking, although more 
recent research efforts have focused 
on baboons for their own sake. 
The other reason for such intense 
research interest is more prosaic: as 
large terrestrial monkeys, baboons 
are much more easy to habituate and 
follow than arboreal forest monkeys.
Why do we still need to study 
baboons? The very fact that we’ve 
put so much effort into baboons 
means that we have an enormously 
detailed database on their ecology 
and behaviour. This body of 
knowledge, in combination with 
advances in population genetics, has 
enabled us to appreciate the complex 
phlyogenetic and biogeographical 
history of the baboons as a genus. As 
Cliff Jolly, of New York University, has 
argued persuasively, baboons are an 
ideal model species for understanding 
how evolutionary processes operating 
over space, as well as time, have 
selected for particular patterns of 
behavior (not least by illustrating that 
a ‘species’ is a rather meaningless 
concept when viewed in this way).
Traditionally, studies of baboons 
have taken place at single study 
sites run by one set of researchers. 
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which weighs in at a mere seven 
grams (Figure 3). But no modern 
rodent is as massive as some that 
once roamed the earth. In 1987, an 
Argentine fossil collector excavated 
a 53 cm skull in Uruguay. This two-
to-four-million year-old fossil was 
promptly forgotten, sequestered 
in the bowels of Uruguay’s Natural 
History and Anthropology Museum 
attic. In 2007, it was re-discovered 
and immediately recognized as 
the largest known rodent in the 
history of life. Josephoartigasia 
monesi, as it was called, resembled 
a guinea-pig of hippopotamusian 
proportions, growing up to 2.5 m 
long and weighing over 1000 kg. 
In a prehistoric game of cat and 
mouse, the population of J. monesi 
might have been kept in check by 
sabertooth tigers. 
Rodents are also prolific breeders. 
While litter size for most rodents 
ranges from one to eight offspring, 
naked mole rats can produce as 
many as 28 in a single litter. The 
fecundity of many rodents is further 
enhanced by a physiological quirk: 
postpartum or lactational estrus 
(ovulation immediately following 
birth), which enables females to be 
continuously pregnant. Although 
gestation periods are usually short 
(16 days in hamsters, for example), 
when longer, pups are often born 
precocial. In guinea pigs, which 
have a 68 day gestation, nearly half 
of newly born pups can survive 
without nursing. This assembly-line 
breeding, combined with the early 
sexual maturity of most rodents (two 
weeks in voles and lemmings), can 
lead to population explosions. (While 
the mass migration of lemmings 
during periods of overcrowding 
often results in natural deaths, it is 
not group suicide as Scandinavian 
legend has it.) In theory, a single 
pair of mice can produce nearly 500 
descendants in just 21 weeks. 
Because rodents can occupy 
just about any habitat, eat nearly 
anything, and reproduce rapidly, they 
have successfully invaded almost 
every continent and filled almost 
every niche. And their evolutionary 
history, well documented as it is, is 
remarkable. 
Rodent history
Dentition is the key taxonomic 
character used to identify fossil 
rodents. Some of the earliest fossils 
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To a first approximation, all 
mammals are rodents. Over 40% 
of mammal species are in the order 
Rodentia. While rodents are often 
thought of as just mice and rats, the 
more than 2000 species in this order 
encompass a staggering diversity 
of form and behavior (Figure 1). 
There are pocket gophers, beavers, 
jerboas, guinea pigs, springhares, 
chinchillas, and porcupines. Rodents 
are found on all continents except 
Antarctica, and in all habitats 
(from arid deserts to arctic tundra), 
except the ocean. They hop, jump, 
scurry, and glide their way through 
these habitats, and forage on 
seeds, grasses, bark, insects, fish 
and sometimes scorpions. Their 
ecological success has been largely 
attributed to their wide-ranging diet, 
small size and propensity to breed.
The term ‘rodent’ — derived from 
the Latin verb rodere meaning 
‘to gnaw’ — is most appropriate 
for this group, as the unifying 
characteristic of all rodents is a 
pair of open rooted, chisel-shaped 
incisors (Figure 2). These ever-
growing teeth have a hard external 
enamel layer and a soft internal 
dentine layer; because dentine 
wears faster than enamel, the 
incisors are continually sharpened. 
Rodents have also lost their canine 
teeth, so that a prominent gap, or 
diastema, separates their incisors 
from their cheek teeth (molars). 
This configuration gives them the 
ability to gnaw virtually anything, 
from grass and seeds to chitinous 
insects. In some species, teeth 
are routinely used for digging: 
some fossorial rodents like pocket 
gophers and mole-rats construct 
their underground tunnels largely by 
chewing through hard-packed soil.
Most living rodents are relatively 
small, having a compact body with 
short legs. Their range in size, 
however, is much larger than that 
of any other mammalian order. 
The largest rodent, the South 
American capybara, approaches 
50 kg — approximately 7,000 times 
larger than the tiny pygmy mouse, 
PrimerFuture studies, however, will make progress by running across study 
sites and geographic regions to 
test functional hypotheses of 
baboon social evolution. As a case 
in point, one of the most prominent 
behavioural differences between 
baboon allotaxa lies in the occurrence 
of coalitionary behaviour among 
unrelated, reproductively competing 
males: this is a problem of real 
substance, because this kind of 
cooperation is rare in nature. These 
differences are resistant to the effects 
of local ecology, and are likely to have 
a genetic basis reflecting selection 
of the physiological responses 
that allow males to modulate their 
interactions with each other (for 
example, increased inhibition and 
tolerance, and reduced aggression). 
As the EU-funded taskforce INCORE 
recognises, the fact of these 
population differences in behaviour, 
in conjunction with our expanding 
knowledge of the baboon genome 
and its complicated phylogenetic 
history, presents us with a unique 
opportunity to investigate the genetic 
underpinnings of complex social 
behaviour. 
Where can I find out more about 
baboons? 
Altmann, J. (1980). Baboon Mothers and Infants. 
Harvard University Press, Cambridge (Mass.)
Dunbar, R.I.M. (1992). Time: a hidden constraint on 
the behavioural ecology of baboons. Behav. 
Ecol. Sociobiol. 31, 35–49.
Henzi, S.P., and Barrett, L. (2003). Evolutionary 
ecology, sexual conflict and behavioral 
differentiation among baboon populations. 
Evolutionary Anthropol. 12, 217–230.
Henzi, S.P., and Barrett, L. (2005). The historical 
socio-ecology of savannah baboons. J. Zool. 
Lond. 265, 215–226.
Jolly, C.J. (2001). A proper study for mankind: 
analogies from the papionin monkeys and their 
implications for human evolution. Yrbk. Phys. 
Anthrop. 44, 177–204
Marais, E.N. (1939). My Friends the Baboons. 
(London: Methuen.)
Newman, T.K., Jolly, C.J., and Rogers, J. (2004). 
Mitochondrial DNA sequence variation among 
baboons (Papio hamadryas): phylogenetic 
and phylogeographic analysis. Am. J. Phys. 
Anthrop. 124, 17–27.
Palombit, R.A., Seyfarth, R.M., and Cheney, D.L. 
(1997). The adaptive value of “friendships” 
to female baboons: experimental and 
observational evidence. Anim. Behav. 54, 
599–614.
Phillips-Conroy, J.E., Jolly, C.J., Nystrom, P., and 
Hemmelin, H.A. (1992). Migration of male 
hamadryas baboons into anubis groups in the 
Awash National Park, Ethiopia. Int. J. Primatol. 
13, 455–476.
Strum, S.C. (2001). Almost Human: a Journey into 
the World of Baboons. New Edition. Univeristy 
of Chicago Press.
Department of Psychology, University of 
Lethbridge, Alberta T1K 3M4, Canada.  
E-mail: louise.barrett@uleth.ca
